Abstract. The inflammatory microenvironment serves an important function in the progression of hepatocellular carcinoma (HCC). Peripheral blood lymphocyte-to-monocyte ratio (LMR), as a novel inflammatory biomarker combining an estimate of host immune homeostasis with the tumor microenvironment, has been identified to be a predictor of clinical outcomes in a number of malignancies. The present study aimed at investigating the prognostic value of LMR in patients with hepatitis B virus (HBV)-associated advanced HCC. A total of 174 patients with HBV-associated advanced HCC, without fever or signs of infections, were analyzed. Clinicopathological parameters, including LMR, were eva luated to identify predictors of overall survival time. Univariate and multivariate analysis was performed using Cox's proportional hazards model. A threshold value was determined using a time-dependent receiver operating characteristic curve. Univariate and multivariate analysis identified LMR as an independent prognostic factor in overall survival (OS) time in patients with HBV-associated advanced HCC (P<0.05). The threshold value of LMR was 2.22. All patients were divided into either a low LMR group (≤2.22) or a high LMR group (>2.22). The OS time of the high LMR group was significantly longer compared with the low LMR group (P<0.001). Patients in the high LMR group exhibited a significantly increased 3-month and 6-month OS rate, compared with that of the patients within the low LMR group (P<0.001). An increased level of LMR was significantly associated with the presence of metastasis, ascites and increased tumor size (P<0.01). LMR is an independent prognostic factor of HBV-associated advanced HCC patients and an increased baseline LMR level indicates an improved prognosis.
Introduction
Hepatocellular carcinoma (HCC) ranks fifth among the primary causes of cancer-associated mortality in males and ninth in females (1) . In China, HCC is the most common type of cancer and the highest cause of cancer mortality in males <60 years (2) , due to widespread hepatitis B virus (HBV) infection which almost 90% of patients with HCC experience. Hepatitis C virus (HCV) infection, alcoholism and obesity are additional risk factors for HCC in the western world (3) . At present, the only treatment for HCC is hepatic resection which is restricted to the patients who have localized lesions arising in non-cirrhotic livers, or in cirrhotic livers with well-preserved hepatic function (4) . However, the majority of patients are initially diagnosed with advanced HCC and therefore the majority of patients with HCC are unable to be treated by resection. Despite substantial progress achieved in the treatment for advanced HCC in previous years, including targeted therapy (sorafenib, a kinase inhibitor drug) and interventional therapy, the overall 5-year survival rate remains unsatisfactory. The prognosis and treatment of HCC depends on the tumor stage, the patient's physical status and liver function (4, 5) . Clinicopathological factors including microvascular invasion, novel extrahepatic lesions and portal vein tumor thrombus (PVTT) have been used to predict survival time in patients with advanced HCC (6,7). However, these aforementioned clinical tumor parameters may only partially explain the prognostic heterogeneity of HCC.
The inflammatory microenvironment serves an important function in the development and progression of HCC. In China, chronic liver inflammation primarily contributes to the development of HCC (8) . In addition, the host response in systemic inflammation has been considered to be an independent prognostic factor for patients with HCC (9) (10) (11) (12) . C-reactive protein (13, 14) , white blood cell counts, platelet counts (15) , neutrophil counts (16) and monocyte counts (17) have been primarily investigated as clinical indicators of inflammation for cancer. Previous studies have indicated that the development of HCC is associated with alterations of peripheral blood white blood cells. The principal alterations include neutrophilia with relative lymphocytopenia or thrombocytosis. White blood cells, along with the cytokines and chemokines secreted, serve a role in the viability, maturation and differentiation of cells within the tumor microenvironment. Peripheral blood lymphocyte-to-monocyte ratio (LMR), an indication of lymphocytopenia and an increased monocyte count, has been identified to be a novel inflammatory biomarker. LMR combines an estimate of host immune homeostasis and tumor microenvironment and has been identified as a predictor for clinical outcomes in a variety of malignancies, including breast (18) , renal (19, 20) , lung (21) and colorectal (22) cancer. Recently, a study elucidated that LMR was an independent prognostic factor in patients with HBV-associated HCC following curative resection (23) . However, to the best of our knowledge, there have been no studies regarding the prognostic value of LMR in advanced HCC until the present study, which aimed at clarifying the prognostic value of LMR in patients with HBV-associated advanced HCC.
Materials and methods
Patients. The Clinical Ethics Review Board at The Third Affiliated Hospital of Sun Yat-sen University (Guangdong, China) approved the present study, and written informed consent was obtained from the patients or their family members. Medical records of 174 consecutive Chinese patients with HBV-associated advanced HCC presented to The Third Affiliated Hospital of Sun Yat-sen University (Guangdong, China) between September 2008 and June 2010, were reviewed and retrospectively analyzed in the present study. The inclusion criteria of the patients were as follows: i) Patients were diagnosed with advanced HCC. The diagnosis of HCC was confirmed using pathological analysis or the patients met the radiological criteria from The American Association for the Study of Liver Diseases (4) , including computed tomography (CT) and magnetic resonance imaging (MRI). Patients with advanced HCC exhibited stage C or D, according to The Barcelona Clinic Liver Cancer Staging for Hepatocellular Carcinoma (BCLC) (24) . ii) All the patients had chronic HBV infection and were negative for anti-HCV antibody. iii) Antiviral therapy with oral nucleos(t)ide analogues was recommended for all patients, although the patients did not receive antitumor treatment recommended by the National Comprehensive Cancer Network guidelines (25) including chemotherapy, targeted therapy or locoregional therapies (percutaneous ethanol injection or transarterial chemoembolization). The exclusion criteria of the patients were as follows: i) Patients exhibited a fever or additional manifestations of acute infections; ii) patients exhibited previous or secondary cancers and coexistent hematological disorders; and iii) patients did not possess information required for the present study or lost follow-up within 6 months.
Collection of patient information. Acquisition of patient results from electronic charts was approved by the institutional ethics committee of the Third Affiliated Hospital of Sun Yat-sen (26) were retrospectively analyzed from the patients' clinical records. Tumor-associated variables, including maximal tumor diameter, number of tumor nodules and PVTT were obtained from medical image diagnostic results. The peripheral blood absolute lymphocyte count (ALC) and absolute monocyte count (AMC) were derived from the complete blood cell count prior to initiation of treatment, with the LMR calculated by dividing the lymphocyte count by the monocyte count.
Statistical analysis. Fisher's exact test (two-tailed) or χ 2
test was used to analyze categorical variables, whereas Student's t-test or non-parametric tests were used to analyze continuous variables. Using OS time as the end-point, the optimal threshold value of LMR using receiver operating curve (ROC) analysis was obtained when the Youden index (sensitivity + specificity-1) (27) was maximal. Subsequently, patients with an LMR greater than the threshold value were classified as high LMR (HLMR) and the remaining patients were classified as low LMR (LLMR). Survival curves for the two groups were plotted using the Kaplan-Meier estimator method and the significance was analyzed using the log-rank test. Significant factors for OS time in Cox's univariate ana lysis were assessed using Cox's proportional hazards model (forward method) to determine the independent prognostic predictors. Associations between LMR levels and baseline characteristics, including clinicopathological features, were analyzed using χ 2 test. All statistical analysis was conducted using SPSS (version 20.0; IBM Corp., Armonk, NY, USA) and Stata software (version 12.0; StataCorp LP, College Station, TX, USA). For all tests, P<0.05 was considered to indicate a statistically significant difference.
Results

Patient characteristics.
In the present study, of the 174 patients with HBV-associated advanced HCC, 157 (90.2%) were male and the mean age was 55 years (range, 19-85 years). The mean counts of white blood cells, neutrophils, ALC, AMC and platelets were 6.84x10 9 (20.7% ) patients with initial distant metastasis were recorded from newly diagnosed patients. According to BCLC staging criteria, the number of patients with stage C and D advanced HCC was 95 (54.6%) and 79 (45.4%), respectively. Of the patients included in the present study, 152 (87.4%) patients succumbed to cancer-associated disease. The 3-month and 6-month mortality rates were 59.2 and 74.1%, respectively. Additional information for the patients' baseline demographics are presented in Table I .
Independent prognostic factors for overall survival. To identify the optimal peripheral blood inflammatory and immune biomarker for patient prognosis, the impact of leukocyte, neutrophil, ALC, AMC and LMR on survival outcomes was investigated. In the univariate analysis, leukocytes, Table II . Independent prognostic factors for overall survival in patients with hepatitis B virus-associated advanced hepatocellular carcinoma according to univariate and multivariate analysis.
Univariate analysis
Multivariate analysis 
Comparison of patients between the HLMR and LLMR groups.
To determine the association between LMR and clinicopathological features of patients with HBV-associated advanced HCC, comparisons between the HLMR group and LLMR group were made (Table III) . The results indicated that HLMR group exhibited a tendency to present distant metastasis, ascites and a larger tumor size (P<0.01). The LLMR level was significantly associated with increased leukocytes, neutrophils, AMC, ALC, AST, total bilirubin, alkaline phosphatase (P<0.001) and albumin (P=0.045). In the survival analysis, the 3-month and 6-month survival rates of the HLMR group were significantly increased compared with those of the LLMR group (P<0.001). A Kaplan-Meier estimator curve identified that the OS rate was significantly decreased in the LLMR group compared with that of the HLMR group (P<0.001, Fig. 2 ).
Discussion
HCC has been established as life-threatening disease and it has been reported that majority of patients are initially diagnosed with advanced HCC. Despite the efforts of clinicians to prolong the survival time of patients with advanced HCC, effective therapies are limited. A number of clinicopathological cha racteristics, including tumor size and thrombosis, have become the primary determinants of existing therapies and predictors of prognosis of patients with HCC. However, these aforementioned factors are far from meeting medical needs. In 1863, Virchow (28) first proposed the association between inflammation and cancer. Subsequently, a number of studies have indicated the important function of inflammation in early carcinogenesis, development, metastasis and therapeutic response of cancers (29-31). HCC was a typical example of inflammation-associated cancer as the majority of HCC developed in the setting of chronic liver damage and inflammation, particularly in China. Therefore, in the present study, to illustrate the function of LMR in HBV-associated advanced HCC, only patients with HBV infection were included. Pretreatment numbers of peripheral blood cells, including neutrophils, ALC, AMC and platelets, have been suggested to be marked prognostic factors in a number of types of malignancies. Neutrophils, as the largest proportion of leukocytes in human peripheral blood, secrete mediators including cytokines and matrix metalloproteinase-9 to react to cancer (32, 33) and alter their phenotype, similar to granulocytic myeloid-derived suppressor cells, allowing them to exhibit distinct characteristics of maturity, tumor cytotoxicity and immune suppression (34) . During tumor development, the inflammatory response may cause lymphocytopenia, leading to the inhibition of suppression of tumor progression (35) . Figure 1 . ROC curve assessing the threshold value of LMR for survival ana lysis in patients. The optimal threshold value of LMR was 2.22, determined using ROC curves, and the area under curve was 0.686 (95% confidence interval, 0.611-0.754; P<0.001) with a sensitivity and specificity of 63.1 and 69.0%, respectively. ROC, receiver operating characteristic; LMR, lymphocyte-to-monocyte ratio. Macrophages, which are tissue-resident cells that develop from circulating monocytes in local tissues, are reported to influence tumor migration and invasion, and suppress antitumor immunity (36, 37) . In addition, a number of studies have demonstrated platelet involvement in tumor metastasis. The activation of platelets protect tumor cells from immune elimination by promoting their arrest at the endothelium, thereby supporting the establishment of secondary lesions (38,39). Table III . Clinical features between the high and low LMR groups. On the basis of the association between systemic inflammation and carcinoma, increasing numbers of inflammatory markers have been associated with poor prognosis of a variety of types of cancers. Chen et al (40) identified that patients with resectable gastric cancer who exhibited increased preoperative white blood cells and p-leukopenia had a poorer prognosis, compared with those with exhibited lower baseline white blood cells and no p-leukopenia. Kitayama et al (41) revealed that in patients with colorectal cancer, the lymphocyte count was markedly associated with tumor response to neoadjuvant chemoradiotherapy. Peripheral blood LMR, as a novel inflammatory biomarker, has been identified as a predictor of clinical outcome in a number of types of cancer (18) (19) (20) (21) (22) . In regard to HCC, to the best of our knowledge, only one study has demonstrated an association between LMR and HCC (42). Lin et al (23) identified that preoperative LMR may serve as an independent prognostic factor for patients with HBV-associated HCC undergoing curative resection. However, to the best of our knowledge, the function of LMR in HBV-associated advanced HCC remains unclear.
The present study, to the best of our knowledge, was the first to demonstrate that LMR level was independently associated with OS for patients with advanced HCC. Only patients with HBV-associated HCC who do not exhibit a fever, or any other manifestations of acute infections, were included to avoid potential confounding factors from distinct etiologies, since infection alters blood cell number. The results of the present study identified LMR, but not ALC or AMC, to be an independent predictor of the OS rate in patients with HBV-associated advanced HCC. The aforementioned patients with an LMR ≤2.22 exhibited a decreased 3-month and 6-month survival rate compared with those with an LMR >2.22, which was consistent with previous studies that identified low LMR to be an independent poor prognostic factor (18) (19) (20) (21) (22) (23) . However, the optimal thresholds for LMR in distinct studies differ, which may be due to the different baseline characteristics, type of malignancy, clinical stages and treatments in each study.
The underlying molecular mechanism which enables LMR to be used as a prognostic factor in cancers remains unknown. Lymphocytes are a key mediator in the antitumor immunity of the host and infiltration into the tumor microenvironment is a prerequisite to an immunological antitumor reaction. ALC may alter along with the antitumor immune reaction (35, 43, 44) . ALC decreased when there was an insufficient immunological reaction to the tumor, thus promoting tumor progression and metastasis (45) . Although, in the present study, ALC was not identified as a significant factor for the OS rates in patients with advanced HCC, ALC exhibited an antitumor effect. In addition to the quantity of lyphocytes, the phenotype and subset composition may change; however, additional studies are required to determine the underlying molecular mechanism (46) (47) (48) . As a component of the tumor microenvironment, monocytes serve a markedly active function in tumor development, progression and metastasis (30, 49) . Inflammation activates the mobilization of monocytes from the bone marrow to the peripheral blood (50) and the differentiation of monocytes into tumor-associated macrophages (TAMs) following recruitment into tumor tissue (51, 52) , suppressing adaptive immunity and exerting protumoral functions, promoting tumor cell invasion, metastasis and angiogenesis (36, 51) . The circulating level of monocytes in the peripheral blood is reported to reflect the formation and/or presence of TAMs (45). Therefore, an increased level of monocytes reflects a high tumor burden in patients with cancer (53) (54) (55) . However, in the present study, AMC was not considered a prognostic factor for the OS rate using multivariate analysis. It is hypothesized that ALC or AMC alone may not explain the effect of inflammation on patients with HBV-associated advanced HCC.
As aforementioned, LMR reflects the interaction between the immune status of the host and the tumor microenvironment. In the present study, the combination of ALC and AMC, compared with ALC and AMC alone, enabled LMR to be an improved predictor of OS rate in patients with HBV-associated advanced HCC, which means that decreased ALC and increased AMC simultaneously reflect the essence of the disease. Decreased LMR is associated with a poorer prognosis. A previous study demonstrated that low LMR may be considered as an independent biomarker for predicting mortality in patients with HBV-related liver cirrhosis (56) , which supports the predictive value of LMR identified in the present study, as the majority of HBV-associated advanced HCC developed from liver cirrhosis. Additionally, decreased LMR was markedly associated with a number of clinicopathological characteristics, including distant metastasis, tumor size and ascites, which may reflect either higher tumor burden or a more prolonged chronic inflammatory process, indicating poor prognosis.
LMR is a readily available and low-cost objective marker of systemic inflammation and may be obtained from routine blood testing. Therefore, LMR may be used for prognostic stratification of patients with HBV-associated advanced HCC and may be a potential criterion for patient selection in clinical trials.
However, the present study had limitations. First, it is a retrospective study, the number of patients involved was small and patients were restricted to be from a single center. Secondly, LMR is a non-specific parameter of inflammation and the results may be influenced by the presence of other systemic diseases. Thirdly, the results of the present study were limited to patients with HBV-associated advanced HCC. Additional etiologies of HCC, including HCV and alcohol, require study. Finally, the heterogeneity of patients with advanced HCC includes the distinctions between metastatic sites, which may bias the results. Additional large-scale prospective studies and standard investigations are required to validate the results of the present study.
The present study, to the best of our knowledge, was the first study to analyze the prognosis of patients with HBV-associated advanced HCC on the basis of a novel biomarker, LMR. LMR was identified to be an independent prognostic factor of patients with HBV-associated advanced HCC with increased baseline LMR levels indicating an improved prognosis. A prospective and well-designed study of LMR with larger cohorts is warranted for further validation.
on the Integration of Industry, Education and Research of Guangdong Province (grant no. 2012B091100460)
